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The  nature  of  the  processes  that  enable  some  individuals  to 
prevent  or overcome the  growth  of a  tumor  is  as  yet  not  under- 
stood.  The  associated  histological  phenomena  are  striking,  but 
they admit  of  various  interpretations.  In  brief,  they  are  as  fol- 
lows:  Retrogression  of  an  established  tumor,  1  in  the  absence  of 
~extraneous  factors,  such  as  hemorrhage  and  infection,  occurs 
through  a  process  of  gradual  degeneration  and  disappearance  of 
its  elements.  Many lymphocytes collect at  the  edges of the mass, 
and  also  macrophages.  A  more  or  less  dense  connective  tissue 
forms  about  it,  and  strands  of  the  same  tissue  penetrate  and 
eventually  replace  it.  Tmnor  cells  of  like  sort,  grafted  subse- 
quently into the animal,  2 survive for some days and may proliferate 
slightly.  But  the  graft,  as  a  rule,  fails  to  become  vascularized, 
and  soon  degenerates.  3  Tumor  tissue  implanted  in  an  animal 
naturally  resistant,  4  whether  by  reason  of  species,  variety,  or 
individuality,  survives  for  some days  and  may proliferate  rapidly 
in  a  newly formed,  vascular  stroma;  but  very shortly  it  dies  and 
is  absorbed  from the midst of a  granulation tissue.  In susceptible 
* Receivec~  for publication, January  16,  I912. 
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animals,  on  the  other  hand,  it  continues  to  grow;  and  unless  the 
host  possesses  some  degree  of  resistance,  there  is  about  the  new 
tumor  no  marked  cellular  reaction,  apart  from  the  increase  in 
blood-vessels  and  connective  tissue  incidental  to  its  support.  If 
the tumor grows slowly, a  dense connective tissue containing  many 
lymphocytes may form about it,  especially at points of spontaneous 
healing. 5 
These  are  the  phenomena  in  mammals.  Most  authorities  hold 
that  they  are  incidental  to  the  actual  processes  of  resistance;  but 
Bashford  and  Russell allot  to them  a  more immediate  significance. 
According  to  these  authors, 6  "Active  resistance  to  an  implanted 
tumor consists primarily  in an  inhibition  of the  specific chemiotac- 
tic  powers  which  cancer  cells  exercise  upon  the  connective  and 
vascular  tissues  of the  host,"  and  the  resistant  individual  exhibits 
resistance by a  failure to supply to the tumor graft that vasculariz- 
ing and  supporting  connective tissue  framework which  is supposed 
to  be specifically elicited by the  introduced  cells,  to  be  peculiar  to 
each  strain  of tumor,  and  absolutely necessary  to its development. 
The  present  paper  deals  with  the histological  features  of  resist- 
ance to a  transmissible  spindle-celled sarcoma of the  fowl.  7  Avian 
tumors have not heretofore been studied  in this  regard.  The  find- 
ings with respect to the sarcoma have a special interest owing to the 
presence in  its tissue  of a  filterable agent  which  suffices to produce 
the tumor in new hosts.  The appearance and behavior of the growth 
are those of a  typical neoplasm;  its cells themselves are transplant- 
able, and  it is best transferred  to new hosts by means of grafts  of 
the  living  tumor  tissue. 
METHOD. 
We have employed chiefly a  method much used for similar histo- 
logical  studies  in mammals.  A  number  of bits of the  fresh tumor 
are inserted beneath the skin of each of several hosts, and with the 
tissue  about  them  are  removed  on  successive  days.  The  histo- 
H. Ribbert, Das Karzinom d~s  Menschen, Bonn, IgII, p.  I95;  C.  Da Fano, 
loc.  cit. 
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logical changes can thus be traced from the beginning.  The hosts 
used were:  (i)  susceptible; barred Plymouth Rock fowls in which, 
as  the  result  of  a  previous  inoculation,  the  sarcoma  was  already 
growing,  or in  which it  developed  from the  engrafted tissue used 
for the observations;  (ii)  naturally resistant;  (a)  barred Plymouth 
Rock  fowls  in  which the sarcoma had  failed  to  develop on a  pre- 
vious implantation;  (b)  chickens of unfavorable variety; (c)  ducks 
and pigeons; (iii) artificially resistant; barred Plymouth Rock fowls 
in which a  tumor had retrogressed. 
As a rule, eight or ten bits, one to two millimeters in diameter, of 
the same  fresh tumor tissue  were separately implanted  in  each of 
four or five fowls of the various kinds.  The location of the grafts 
was marked on the skin with carbol-fuchsin.  By means of a trocar, 
they were placed in the subcutaneous tissue of the feather-free strip 
between wing and thigh  (lateral apterium), except when otherwise 
stated.  Here  they  were  visible  and  easily  reached  for  removal. 
One or two were always left in situ to indicate the host's final state 
as  regards  resistance.  Wound  infection was  not  met with.  The 
grafts were cut in serial section.  A number of retrogressing tumors 
were also examined. 
THE  FINDINGS IN  SUSCEPTIBLE  HOSTS. 
Grafts have been taken in series from six fowls carrying tumors, 
and  from  seven  normal  fowls  in  which susceptibility  was  proved 
i 
by the  fate of grafts  left undisturbed.  The  fragments implanted 
in  the six  tumor-bearing hosts  consisted of bits  of their own neo- 
plasm, as obtained by partial removal.  Thus not only isotransplan- 
tation, but what may in  a  sense be called autotransplantation,  was 
practiced. 
The  principal  phenomena  about  the  graft  during  the  first  forty-eight  hours 
are  those  c~ue to the  trauma  of  its  insertion.  The  tumor  fragment,  unchanged 
in  appearance,  lies  in  a  rent  in  the host  tissues,  and  exudation  and  a  moderate 
accumulation  of  polymorphonuclear  leukocytes  occur  about  it  (figure  I).  The 
host  tissues  are  edematous  at  the  torn  margin,  the  blood-vessels  dilated,  and 
toward  the  end  of  the  period  fibroblasts  and  macrophages  appear.  During  the 
next  twenty-four  h,ours  (third  day),  the  tumor  often  unites'at  one  or  more 
points  with  the  host  tissues,  and  although  unvascularized,  is  proliferating,  and 
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nourishment  by  a  direc/  interchange  of  fluids;  but,  unless  the  bit  is broken  or 
very  small,  a  necrosis  takes  place  at  the  center.  Cell  6ivision  is  mostly  by 
amitosis.  The  pol,ymorphonuclear  leukocytes  are  now  disappearing;  but  in 
some  hosts  small  round  cells,  histologically  identical  with  the  lymphocyte, 
begin  to  collect  in  small  numbers,  localizing  at  points  where  the  tumor  has 
become attached  to thehost  tissue.  In  this  latter,  fibroblasts,  macrophages,  and 
abundant  newly formed capillaries are seen, with perhaps  one or two foreign body 
giant  cells  enclosing debris  from  the trochar.  By the  fourth  day,  or  later,  the 
graft has  markedly  increased in  size,  and  is vascularized  (figure 3)-  But  often 
before  vascularization  occurs,  the  tumor  cells  are  invading  the  host  tissue  at 
points  where  they  have  united  with  it.  Proliferating  strandg  of  the  spindle- 
shaped  elements  can  be  seen  extending  out  into  the  normal  structures,  utilizing 
for  support  the  blood-vessels  and  connective  tissue  already  present.  At  the 
advancing margin, lymphocytes become fewer, and in very susceptible hosts they 
may be absent,  as  is  indeed  all cellular  reaction.  The  growth  may now be con- 
sidered  as  established,  and  for present  purposes  need be  followed no  further. 
In  general,  these processes appear  to take  place more rapidly in 
the  fowl  furnishing the engrafted  tissue.  Certainly  in these hosts 
which already  carry  a  tumor  very  few  lymphocytes  collect  about 
the  graft.  The  proliferative  activity  of  the  neoplastic  cells,  once 
the tumor has become established, is sometimes startling.  As many 
as 46 per cent. of them may be in process of division at one time.  s 
The extension and enlargement of the sarcoma  from this source is 
very  obvious.  The  findings  do  not  in  the  least  suggest  that  its 
growth can take place in any other way. 
The process of transplantation becomes almost diagrammatically 
evident when the grafts have been placed in the pars papillaris of the 
corium (figures I, 2, and 3).  The epidermis of the fowl is so loose, 
transparent, and filmy, and so easily stripped away, that macroscop- 
ically it might well be mistaken  for a  keratinized layer  elaborated 
by deeper epithelial cells.  Grafts  placed just under it by means of 
a  blunt  trocar  are  sharply  defined,  and  their  least  increase  in  size 
is at once seen.  Microscopically, the sarcoma cells contrast sharply 
with  those  of  the  surrounding  structures.  The  leukocytic  and 
proliferative  response  are  here  at  a  minimum; and  the  tissues  do 
not lend themselves to invasive growth.  For these reasons we have 
in general preferred subcutaneous sites, and have made intradermal 
implantations only in special demonstration of the transplantability 
s James B. Murphy  and Peyton Rous, ]our. Exper. Med., I912, xv, I19. 274  Resistance  to  Transmissible  Sarcoma  of  Fowl. 
of the tumor cells and the development of the new sarcoma  from 
them. 
The features mentioned may be further illustrated by an example 
accidentally come upon.  Several  fowls,  dying of  intraperitoneal 
growths  caused  by  the  injection  into  the  abdominal  cavity  of  a 
suspension of the sarcoma cells,  showed curious tumor formations 
on the surface of the liver.  They were discrete, glistening, of dew- 
drop shape and nearly as fluid, translucent, grayish, homogeneons, 
and  without evident blood-vessels.  They  differed markedly  from 
the  larger,  compact  nodules  which  everywhere  studded  the  peri- 
toneal surface of the viscera.  On section, they proved to be implan- 
tation growths, consisting of a very loose, non-vascularlzed, branch- 
ing  cell  retieulum,  attached  superficially  to  the  liver  surface,  but 
without an  intimate connection with  it  (figure 4).  They  closely 
resembled growths in vitro in plasma, and presumably had received 
their sole nourishment from the mucinous fluid filling the peritoneal 
cavity. 
Lastly,  while discussing the  origin of  the  sarcoma  from  trans- 
planted cells, we may briefly cite here the fate of fragments of the 
growth injected directly into the venous blood stream.  In  favor- 
abl'e fowls, the injection is followed by the appearance of sarcoma- 
tous nodules in the lungs; and serial sections show very clearly the 
origin of these by a  direct outgrowth from emboli of tumor cells. 
We have not followed systematically the fate of the non-malig- 
nant  stroma and ,the  blood-vessels,  introduced wi'th  grafts  of  the 
sarcoma.  The morphology of the growth is such as to render very 
difficult observations of this sort; and they have not seemed essen- 
tial, in view of the fact that before the graft i,tself has become vas- 
cularized, its cells may have already begun a  rapid invasion of the 
host tissues, utilizing for support the prefixisting structures.  Certain 
very  invasive  human  sarcomata  make  a  similar  use  of  normal 
structures.  9 
THE  FINDINGS  IN  NATURALLY  RESISTANT  FOWLS. 
The sarcoma is most readily transmitted to chickens of the barred 
Plymouth Rock variety,  the breed in which the original neoplasm 
* J. G. Adami,  Principles of  Pathology,  Philadelphia,  19o8, p.  700. Peyton Rous  and  James  B.  Murphy.  275 
was found ; but not uncommonly individuals fail to develop a tumor 
even on repeated implantation.  Natural resistance is more frequent 
in chickens of other varieties, which,  indeed, until  the growth had 
reached its  present high malignancy, proved entirely insusceptible. 
Grafts  in series have been taken from four Plymouth Rock  fowls 
with  a  natural resistance  that  was  absolute,  and  from two  Rhode 
Island  Reds.  Numerous  less  systematic  observations  have  been 
made on resistant fowls of mixed breed.  The findings were similar 
in all. 
During  the  first  for~y-eight  hours,  the  phenomena  about  the  grafts  do  not 
differ  from those  in  susceptible  fowls.  The  fragment  lies  free  in  a  rent  in  the 
host tissue, polymorphon,uclear  leukocytes  collect about  it,  andJ exudation  occurs. 
Following this  period,  death  of  the  graft  takes  place  in  one  of  two  ways:  (a) 
Often  it  remains  for  many  day  s  unvascularized  and  almost  unattached  to  the 
host  tissue.  During  this  period it  undergoes  a  gradual  necrosis.  The  marginal 
tumor cells are the last ~o succumb.  They sometimes live for a  week or ten days, 
and at first may multiply slightly, but they do not invade at the points of contact 
with the host tissue.  Meanwhile the leukocytes disappear,  fibroblasts  and macro- 
phages  appear,  and  lymphocytes  collect in  sparse  numbers,  infiltrating  the  zone 
of  living tumor.  By  the  end  of  two  weeks,  as  a  rule,  the  engrafted,  tissue  is 
wholly  necrotic  and  its  reorganization  has  begun.  (b)  More  frequently,  the 
tumor  fragment  grows,  invades,  and  becomes  vascularized  with  the  same 
rapidity'as  in  susceptible  hosts.  But  immediately  upon  its  attaining  a  foothold 
in  the  host  tissues,  lymphocytes  appear  and  rapidly  become  very  numerous,  at 
first  about  the  neighboring  blood-vessels,  then  at  the  edJge of  the  sarcoma, 
infiltrating  to  some  degree  its  substance.  As  early  as  the  fifth  day,  the  graft 
may be  embedded  in  a  dense  mass  of  small,  round  cells,  and  is  already  degen- 
erating,  despite  its blood-vessels  (figure  5).  The  spindle  cells become hydropic, 
their  nuclei  stain  poorly,  and  in  the  course  of  a  few  more  days  all  are  dead. 
The  lymphocytic  mass  may  be  six  or  eight  times  the  diameter  of  the  foreign 
tissue it encloses, and is often so largely composed of small round cells as to sug- 
gest true lymphoid tissue.  Fibroblasts  and macrophages  occur, but no giant-cells, 
except  about  foreign bodies  other than  the tumor  tissue.  The  mass  is  supplied 
by numerous  small vessels.  Sometimes blood  sinuses  exist  at  its  edge. 
The two very different sets of phenomena leading to death of the 
graft  may be  observed  in  one  host,  a  fact  suggesting  that  local 
conditions largely determine their  incidence.  A  tabulation  of  the 
fate  of  each  graft,  as  compared with  the conditions  at  the point 
where  it  was  implanted,  has  shown  that  such  as  are  placed  in 
regions  rich  in subcutaneous tissue,  become established  and  perish 
later in the midst of a lymphocytic nodule, whereas those inserted in 
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to establish themselves and gradually die.  In a  similar way at un- 
favorable  sites,  in  hosts  actually  susceptible,  the  sarcoma  some- 
times  fails  to .establish  itself.  The  fate of grafts  which have ob- 
tained a  foothold would seem, therefore, a  truer expression of the 
host's resistance. 
The  above  findings  essentially  resemble  those  occurring  in  the 
mouse  under  similar  conditions.  When  mouse  carcinoma  is  im- 
planted  in  naturally  resistant  individuals,  it  frequently establishes 
itself and grows  for a  brief period,  but  soon  breaks  down  in  the 
midst  of a  granulation  tissue  containing lymphocytes.  1°  The  sig- 
nificance of  the  vastly  greater  accumulation of  these  cells  in  the 
chicken will be  discussed  further on. 
THE  EFFECTS  OF  PARTIAL RESISTANCE. 
Natural  resistance to the chicken sarcoma is  often insufficient to 
protect  the  host  completely.  We  have  examined  series  of  grafts 
from  three  Plymouth  Rock  fowls  in  which  tumors  slowly  arose 
from the material left in situ,  and we have made many less syste- 
matic observations upon large tumors that slowly followed implanta- 
tion in chickens of other varieties.  Doubtless in some of these, the 
character of  the  implanted  material  was  responsible  for  the  slow 
growth, while in others an induced resistance was present.  The phe- 
nomena observed were identical with those already described, except 
that after the tumor tissue had established itself, it did not die, but 
slowly continued to proliferate.  The lymphocytic accumulation at 
the growing  edge  remained well  marked.  About  the  long  estab- 
lished  growths,  lymphocytes were  plentiful,  in  association  with  a 
more or less well defined connective tissue overgrowth and encapsu- 
lation. 
RESISTANCE  IN  FOWLS  OF  OTHER  SPECIES. 
The  tumor  will  not  grow  in  mammals  or  in  other  birds  than 
chickens.  11  Its  fate has been studied  in  grafts  removed in  series 
from three ducks and  four pigeons.  The  findings in  the two spe- 
cies were the same. 
,OB. R.  G.  Russell;  A.  M.  Burgess;  C.  Da  Fano. 
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The implantation regularly gave rise, within a  week or ten days, 
to a  nodule, which was sometimes larger than that produced by the 
material in susceptible hosts.  It was firm, sharply defined, elastic, 
and often one centimeter broad  within a  week after the implanta- 
tion  of a  tumor bit  one tenth this  size.  But  soon its  enlargement 
ceased,  and  within  three  or  four weeks  it  had  quite  disappeared: 
Exceptionally a  small,  indurated lump  remained longer. 
Sections  show  that  in  practically  all  cases  the  tumor  bit  rapid.ly  established 
itself  and  began  to  proliferate.  Lymphocytes  collected  round  about,  and  by 
the  sixth  day  were  present  in  immense  numbers,  forming  the  greater  part  of 
the  nodule,  and  infiltrating  the  already  hydropic,  degenerating  tumor  tissue. 
Within  a  day  or two  death  of the tumor  cells almost  en  masse  had  taken  place. 
The  nodule persisted  for some time longer, but there remained in it  only a  few 
necrotic sirands to represent the graft.  For the rest,  it consisted of lymphoeytes, 
with  a  few fibroblasts,  macroph.ages,  and  polymorphonuclear  leukocytes,  and  an 
occasional  foreign  body giant-cell,  enclosing debris.  Fibers  of  voluntary muscle 
included in the nodule atrophied even to complete disappearance.  The mass  was 
gradually  absorbed. 
The  findings  differ  from  those  in  naturally  resistant  chickens 
only in the regularity with which the graft established itself, in the 
greater lymphocytic reaction,  and  in  the more abrupt  death of all 
the tumor.  They resemble those seen in mammals implanted with 
mammalian  tumor  from  another  species.  For  example,  mouse 
tumor  in  the  rat  establishes  itself,  grows  for  a  short  period,  and 
then abruptly dies in the midst of a  granulation tissue, t2 
THE  FINDINGS ABOUT TUMORS THAT  RETROGRESS. 
Retrogression  of  the  well  developed  sarcoma  is  infrequent  in 
healthy chickens.  The first sign of it  is a  hardening of the tumor 
mass, very evident on palpation ; then comes a  cessation of growth ; 
and  at  length  a  diminution  in  size.  The  mass  disappears  slowly 
and  sometimes  persists  for  months  as  a  minute,  sharply  circum- 
scribed nodule. 
The  initial  hardening is  due  to  a  connective tissue  overgrowth 
which becomes more and more marked as time goes on.  A  poorly 
vascularized, fibrous capsule forms about the neoplastic mass which 
is  further divided into irregular lobules by fibrous septic.  A  muci- 
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nous degeneration  of the tumor tissue gradually ensues; its cut sur- 
face becomes  translucent,  and  a  ropy  fluid  containing  true  mucin 
may be scraped  away from  it.  Sometimes  the  center  of  the  mass 
becomes cystic.  Histologically,  one  finds  lymphocytes at  its  edge, 
both  in  nodes  and  scattered  irregularly  in  the  capsule,  septic,  and, 
to a  less extent,  in the marginal  tumor tissue.  This  latter degener- 
ates  little  by  little  and  is  absorbed,  until  at  last  there  remains 
only a  small,  encapsulated  group  of spindle  cells,  with  much  muci- 
nous,  intercellular  material  (figure  6).  Often  the  tumor  cells  are 
multinucleated  or show a  nuclear hypertrophy,  budding,  or chromi- 
diosis.  Similar  appearances  in  human  tumors  are  interpreted  by 
Howard  and  Schultz 13  as  indicating  an  attempt  at  regulation  in 
depressed cells.  Finally all  trace of the  tumor disappears. 
The  phenomena  about  the  mass  are  similar  to  those  associated 
with the retrogression of tumors in man and other mammals. 14 
THE  FINDINGS  IN  CHICKENS  WITH  AN  ACQUIRED  RESISTANCE. 
The  retrogression  of  the  chicken  sarcoma  induces  a  resistance 
in  the  host;  for  now  grafts  fail  to  give  rise  to  a  tumor,  whereas 
formerly one was produced. 15  An  acquired  resistance  in  rats  and 
mice,  following out of like  conditions,  has  long been  recognized. 16 
In  the chicken,  as  in these mammals, 17  the  resistance  to  the  tumor 
strain  that  retrogressed  is  usually well pronounced,  for some  time 
at  least,  and  often  is  not  overcome  by the  introduction  of  large 
quantities  of  active  tumor  tissue,  We  have  examined  grafts  in 
series  from  four  fowls  tested  repeatedly  in  this  way after  retro- 
gression  of a  sarcoma,  and  from three  others  in  which  the  tumor, 
at  one  time  four  to  six  centimeters  in  diameter,  had  recently  dis- 
appeared.  In one  of these latter,  the  resistance  was  not complete, 
as  shown  by the  fact  that,  from  among  several  grafts  left  undis- 
W.  T.  Howard  anc~ O.  T.  Schultz,  Monographs  of  The  Rockefeller Insti- 
tute for Medical Research,  1911,  No.  2. 
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turbed,  in  this  host,  a  sarcomatous  nodule  eventually  developed. 
The other fowls were absolutely resistant. 
In  hosts with  an  acquired  resistance,  the  graft  very  frequently 
fails to establish itself.  The march of events is similar to that seen, 
less  often,  in  naturally resistant  hosts  and  sometimes even in  sus- 
ceptible ones.  The bit of implanted tumor remains unvascularized, 
shows no tendency to invade the host tissue at the points  where it 
has become attached, and in the course of a week or ten days under- 
goes a  gradual necrosis that affects last of all the tumor cells most 
exposed by position  to  the action of  the  fluids  of  the  host.  The 
same set of phenomena has been described by Russell as occurring 
regularly in mice with an acquired resistance to implanted tumor, Is 
and it is associated with the death of grafts of embryonic tissue in 
resistant hosts of the same species. ~9 
But  acquired resistance  to  the avian sarcoma does not manifest 
itself  according  to  this  fashion  alone.  At  least  half  the  grafts 
become established,  proliferate,  invade,  and,  a  week  or  ten  days 
after ,the implantation, die more or less abruptly.  In the meantime 
immense numbers of lymphocytes have collected round about,  just 
as  in  resistant hosts  of other sorts  (figure 7)-  The death of  the 
implanted tissue certainly cannot be laid to the failure to acquire a 
supporting  and  vascularizing  stroma,  as  is  assumed  by  Bashford 
and Russell  2°  in explanation of the death of tumor tissue  in hosts 
with acquired resistance. 
THE  LYMPHOCYTE  AS  AN  EXPRESSION  OF  RESISTANCE  OF 
THE  HOST. 
In  resistant  fowls  of  all  kinds,  large  numbers  of  lymphocytes 
collect about the established tumor graft.  About the retrogressing 
sarcoma  also  they are  frequent.  Several authors  have  noted  the 
association of lymphocytes with mammalian tumors, and Da Fano  21 
has concluded that they have a  definite relation to resistance on the 
part  of  the host.  He  found  them  constantly about  retrogressing 
18 B. R.  G. Russell,  loc.  cit. 
1, Peyton Rous,  Jour.  Exper.  Med.,  I9Io,  xii,  344. 
2, E.  F.  Bashford and  B. R.  G.  Russell,  loc.  cit. 
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tumors,  and  about  tumor grafts  which  had  become established  in 
resistant  animals.  When,  on  the  other  hand,  the  graft  failed  to 
become vascularized in the mammalian host,  these cells were rela- 
tively few.  They occurred even in susceptible individuals here and 
there about rapidly growing tumors.  Our observations at all these 
points correspond with Da Fano's.  But  in mammals,  the lympho- 
cytic reaction is relatively inconsiderable; and it may well be asked 
whether the great accumulation of lymphocytes seen in the  fowl is 
referable  to  the  same  cause,  namely,  to  ,the  tumor  cells  as  such. 
The tissue of the avian sarcoma contains an extrin.sic agent capable 
of giving  rise to  the growth;  and  the possibility  that  the lympho- 
cytes are a  response to this agent must be taken into consideration. 
Fortunately there are available  several series  of grafts  of adipose 
tissue  of  the  fowl which  were removed by Dr.  Tytler  some days 
after their implantation in normal chickens.  About some of these, 
lymphocytes accumulated in numbers comparable to those about the 
sarcoma in resistant hosts.  Furthermore, Loeb and Addison  22 have 
described a lymphocytic reaction about pigeon skin implanted in the 
pigeon or chicken, and  have  remarked on  its  profuseness  as  com- 
pared with that seen about the same tissue implanted in a  mammal 
(the guinea pig).  From these facts, it seems justifiable to refer the 
reaction to the presence of the tumor tissue.  In explanation of its 
profuseness,  Loeb  and  Addison  mention  the  large  proportion  of 
lymphocytes in the blood of the fowl.  According to our experience 
they sometimes constitute  in  normal  individuals  over 40  per  cent. 
of  the  white  cells.  It  is  known  that  they  respond  actively  in 
the  fowl  to  processes  which  in  mammals  affect  them  to  a  much 
smaller degree,--tuberculosis,  23  for example.  About grafts  of the 
sarcoma,  all  stages  of  an  apparent  emigration  ,from  the  blood- 
stream  can be  seen;  but  to  judge  from  a  series  of  blood  counts 
that  we  have  made,  no  general  lymphocytosis  accompanies  the 
striking local  reaction. 
In  further  elucidation  of  the  lymphocytic response  in  resistant 
hosts,  the findings about grafts  of killed  tissue have been studied. 
=L. Loeb and W. H. F. Addison, Arch. f. Entwicklungsmechn. d. Organ.,  1911, 
xxxiii, 44. 
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As  the  destructive  agent,  heat  (55°C.  for  fifteen  minutes),  or 
repeated rapid freezing and thawing, has been used.  Twenty series 
of grafts of killed or damaged tissue have been implanted and re- 
moved  from  susceptible  or  naturally  resistant  chickens. 
About the 'bit of killed tumor no marked macroscopic reaction is 
seen.  In  a  few  days,  it  has  diminished  to  a  tiny  yellow  shred, 
often difficult to find.  Later, with reorganization, the shred is con- 
verted into a  translucent lump about the size of the original graft. 
Soon all is absorbed.  Microscopically, there occur, first, a  reaction 
to  trauma, and then a  reorganization of the necrotic tissue.  Very 
few lymphocytes are present  at  any time.  At  most,  a  few  small 
foci may be seen in the adventitia of the neighboring vessels.  Ex- 
periments on the resistance of the extrinsic agent,  elsewhere to be 
given in  full, have shown that  in  fresh tumor tissue  it  will  some- 
times  withstand  a  temperature  of  50 °  or  53 °  C.  for  fir.teen min- 
utes,  a  degree of heat fatal to  the tissue  itself,  as is shown by the 
latter's  failure to  grow in the plasmatic medium of Burrows,  24  as 
well  as  by  following  histologically  the  fate  of  the  heated  graft. 
The  tumors  which  result  from  inoculation  of  the  tissue  are  en- 
gendered by the extrinsic agent as such.  The histological  findings 
will  be  briefly  described,  since  they  illustrate  the  conditions  that 
call  forth a  lymphocytic accumulation. 
The  tumor  tissue  heated  to  5  °0  or  53 ° C.  for  fifteen  minutes 
undergoes necrosis after its implantation and is soon converted into 
a  soft, yellow shred.  Its reorganization begins, and a  week or ten 
days after the implantation, the first tumor cells make their appear- 
ance.  Thin  strands  of  dividing  spindle  cells  become  noticeable, 
extending this way or that,  among the fibroblasts  of  the  reorgan- 
izing mass.  They are not arranged with relation to a central focus. 
Proliferating rapidly, they soon form a considerable mass and begin 
to invade the host structure.  And simultaneously with the forma- 
tion of the tumor, lymphocytes, practically absent heretofore, collect 
in greater or less quantity, depending on the resistance of the host. 
They localize about the sarcomatous  tissue. 
It is plain, therefore, that the lymphocytic reaction owes its pres- 
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ence to  the ,tumor cells,  not  to  the  extrinsic  agent;  and  that  it  is 
called forth only by the living tumor tissue.  Da Fano states that a 
lymphocytic reaction is not seen about grafts of killed mouse tumor. 
In the chicken, the reaction occurs under the same conditions as in 
mammals and is peculiar only in its profuseness. 
The connective tissue overgrowth associated with the retrogress- 
ing chicken sarcoma can be disposed  of briefly.  Histologically,  it 
is quite similar to that accompanying the absorption of mammalian 
growths.  Macrophages  are  present  in  both  instances.  But  the 
plasma cell, upon which Da Fano lays much stress in its relation to 
tumor resistance, is not seen in the chicken. 
RELATIVE  ACTIVITY  OF  THE  EXTRINSIC  AGENT. 
The  presence in  the sarcomatous  tissue  of an  agent  capable  of 
causing a  neoplastic change in the host cells is  important as affect- 
ing the interpretation of  the  facts  reported  in  the  present  article. 
Although the cells of the sarcoma can be transplanted,  it  is  debat- 
able whether the new tumor does not enlarge in part by a neoplastic 
change in its surroundings, and whether it does not owe most of its 
bulk to this source.  On the latter point,  a  negative answer can at 
once be given.  No  feature of the tumor  is  so  pronounced as  its 
growth  by  the  proliferation  of  cells  already neoplastic.  A  state- 
ment has already been made of the great percentage of cells which 
may  be  in  process  of  division  at  one  time.  Histologically,  the 
enlargement of the  sarcoma appears  to  take place entirely by this 
intrinsic  proliferation;  and  the  invasion  and  replacement of  new 
structures are plainly referable to such a mode of growth.  Only by 
special methods (heat, cold, drying, filtration)  can an action of the 
filterable  agent  be  demonstrated.  It  has  seemed  not  impossible 
that  the  resistance of certain  hosts  might  constitute  a  differential 
whereby this  action could be  brought  out,--the  transplanted  cells 
dying in  such  animals,  while  the extrinsic agent  survives and  en- 
genders  the  growth.  Our  observations  do  not  support  this  idea. 
It may be stated as a general rule that when the host is so unfavor- 
able to the implan'ted cells that they die, no tumor arises. 
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implantation  appears  strictly  dependent  on  the  condition  that  the 
implanted  cells  obtain  a  foothold.  25  Sometimes,  in  susceptible 
hosts, as already stated, the tumor tissue  fails to live; and sections, 
as well as the macroscopic finding, prove the absence of a  sarcoma- 
tous change about these dead grafts.  So,  too,  not  infrequently it 
happens  that  the  implanted  tumor  fragment  unites  with  the  host 
tissue only at one end, while for the rest it remains for some days 
free  in  the  rent  caused  by  its  implantation.  In  such  cases,  the 
new  tumor  can  be  seen  to  develop  at  the  point  where  the  graft 
has become attached to the host tissue, and there only.  In this con- 
nection,  it  should be stated  that  the extrinsic  agent  requires  rela- 
tively a  long time to  engender the minutest palpable  sarcoma,--at 
least one week, and  sometimes more than a  month. 
From  all  these  facts,  it  follows that  the  action of  the extrinsic 
agent  may  be  regarded  as  negligible  in  accounting  for  the  phe- 
nomena seen within and about grafts of living tumor tissue shortly 
after their implantation. 
REGARDING THE  NATURE  OF  THE  HOST'S  RESISTANCE. 
The  significance  which  Bashford  and  Russell  attach  to  the 
phenomena  about  grafts  of  tumor  tissue  has  been  briefly  out- 
lined.  They hold  that every transplantable  tumor elicits  from the 
susceptible host a  specific, supporting,  and vascularizing connective 
tissue  stroma  on  which  its  growth  depends.  The  findings  with 
many slightly invasive mouse and rat tumors may be taken to sup- 
port this thesis ; since in hosts favorable to such growths, a  "stroma 
reaction"  for  the  support  of  the  graft  does  undeniably  occur, 
whereas in individuals with an acquired resistance, it is not evident 
under  ordinary  circumstances  of  observation,  and  the  implanted 
tissue  eventually dies.  With  grafts  of  hashed  mouse embryo,  as 
already mentioned, the same phenomena are  witnessed.  In  these 
cases,  the  appearance  or  non-appearance of  a  stroma  supporting 
the engrafted tissue does, to a striking degree, go hand in hand with 
its  success or  failure.  But the findings with  the chicken sarcoma 
In  reality,  this  dependence  is  not  absolute,  as  is  shown  by  the  results  with 
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cannot be  reconciled with  the assumption  that  a  specific stroma  is 
absolutely  necessary  to  the  survival  of  the  tumor,  and  that  the 
resistance  of  the  host  finds  its  sole  expression  in  the  failure  to 
supply this stroma. 
Grafts of the chicken sarcoma in susceptible hosts do not always 
remain discrete and passive, so to speak, until a  fresh organization 
with  vessels  and  connective  tissue  enables  them  to  grow.  Well 
before the graft, as such, has been vascularized, very shortly indeed 
after its  cells come in contact with  the host  tissue,  an  invasion  of 
the host structures may begin.  The neoplastic cells proliferate, and 
penetrate  the  surrounding  parts,  making  use  of  the  preexistent 
vessels and connective tissue  for their support,  just as do the very 
invasive  human  sarcomata  described  by  Adami.  Furthermore, 
although  it  is  true  that  in  the  chicken,  as  in  the  mouse  and  rat, 
tumor grafts, in hosts with an acquired resistance, often fail to be 
vascularized  and  eventually perish,  yet  death of the  avian  tumor 
does not always take place in  this  way.  The implanted  fragment 
may be abundantly vascularized, and may grow actively for some 
days before succumbing.  The explanation might be advanced that 
the stroma reaction has suddenly failed the growth, which therefore 
can extend no  farther; but  this  does not account  for the death of 
such portions of it as are already excellently vascularized and sup- 
ported ; nor does it explain the retrogression of mammalian tumors. 
These  observations  have  formed the basis  of  a  note by one  of 
us, 26  in  which  was  pointed  out  the  insufficiency  of  the  stroma 
reaction theory as a  general explanation of the acquired resistance 
to  implanted  tumor.  At  the  time  of  publication,  the  extrinsic 
agent capable  of  giving  rise  to  the chicken sarcoma had  not been 
discovered.  Yet  its  recognition does  not  invalidate the conclusion 
then expressed;  for,  as  we have  shown,  the  phenomena occurring 
about  grafts  of  the  sarcoma  are  referable  to  the  implanted  neo- 
plastic  cells,  and  are  similar  to  those  observed  with  mammalian 
tumors.  In  a  more  recent paper,  Goldmann  2z  has  independently 
come to  the  conclusion  that  the  presence  or  absence  of  a  stroma 
reaction is  inadequate to  explain the processes about  tumor grafts 
26 Peyton Rous, Your.  Am.  Med.  Assn.,  191o, 1%  1554. 
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in rats  and mice.  Levin, too, has lately presented facts that point 
in this direction.  ~8 
The  true  nature  of  tumor  resistance  cannot  here be  profitably 
taken up.  We are disinclined to  attribute  to  the lymphocytes and 
connective  tissue  overgrowth,  seen  in  mammals  and  birds  alike, 
any fundamental importance in the process by which the host pro- 
tects  itself.  These  histological  features  are  not  notably  different 
from such as accompany, as secondary phenomena, tissue derange- 
ments of many sorts. 
CONCLUSIONS. 
I.  The living tissue  of the chicken sarcoma,  when implanted in 
susceptible hosts,  survives,  proliferates,  and thus  gives  rise  appar- 
ently to  the  whole  of  the  new  tumor.  The  histological  findings 
about the graft do not suggest any other origin for the growth. 
2.  In fowls with a  natural or acquired resistance, a very striking 
series of phenomena takes place about the graft or the established 
growth.  They  are  referable  to  the  presence  of  the  living  neo- 
plastic  cells  and  are  essentially similar  to  those  already described 
in  mammals. 
3.  The lymphocyte has an association with the processes of resis- 
tance in the fowl, similar to, but more marked than that observed 
in mammals. 
4.  Resistance  of  the  host  does  not  constitute  for  the  chicken 
tumor a  differential means whereby the extrinsic agent present  in 
the growth can be observed to engender it.  In general, it may be 
stated that, when the new host is so unfavorable to the transplanted 
sarcoma cells as to cause their death, no tumor develops. 
5-  The  activity of  the  extrinsic  agent  is  negligible  as  affecting 
the interpretation of the phenomena about grafts of the avian sar- 
coma in resistant and susceptible hosts.  They are referable to  the 
presence of the transplanted cells. 
6.  The appearance or  non-appearance  of  a  specific,  supporting, 
and vascularizing reaction in the host tissues cannot be looked upon 
as  determining the  fate  of  grafts  of  the  chicken  sarcoma.  The 
same seems to be true of mammalian neoplasms. 
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EXPLANATION  OF  PLATES.  "~ 
PLATE 36. 
Flas.  I,  2,  and  3.  The  fate  of  the  sarcomatous  tissue  in  a  susceptible  host. 
The  three  grafts  shown  in  cross  section  with  the  surrounding  tissue  were  re- 
moved  on  the  second,  third,  and  fourth  days,  respectively,  after  their  implan- 
tation  between  epidermis  and  corium  (pars  retlcularis)  in  the  same  host.  This 
host carried a  tumor which was operated upon  to obtain material  for the implan- 
ration.  The  grafts  were  originally  of  the  same  size,  and  all  have  the  same 
magnification. 
In  figure  I,  the  rumor bits  lie free  in  a  rent  in  the host  tissue.  In  figure  2, 
they have grown markedly and  are attaching to the host tissue,  which, histologic- 
ally,  is  sharply  clistinct  from  them.  Vascularization  has  not  yet  occurred.  In 
figure 3,  the bits have united  to  form  a  nodule,  the growth  of which  has  already 
pushed  to one side the adjoining structures. 
PLATE 37. 
FIG.  4.  A  sarcomatous  growth  attached  to  the  surface  of  the  liver.  The 
fowl  had  received  an  intraperitoneal  injection  of  a  suspension  of  tumor  frag- 
ments  in  salt  solution.  The  mass  is  without  vascularization.  It  markedly 
resembles  a  culture  of  the  tumor  cells in vitro,  and  apparently  had  received its 
sole  nourishment  from  the  peritoneal  exudate. 
FIG.  5.  A  portion  of  a  tumor  graft  that  established  itsel'f  in  the  naturally 
resistant  host  (Plymouth  Rock  fowl)  and  began  to  grow.  There  is  a  dense 
accumulation  of  lymphocytes  about  the  tumor  tissue,  which  shows  signs  of 
degeneration.  Fifth  day  after  the implantation. 
PLATE 38. 
FIG.  6.  Margin  of a  small nodule  that  remained  for many weeks as  the  sole 
remnant  of  a  large  sarcoma  that  retrogressed  (Plymouth  Rock  host).  The 
encapsulation,  the lymphocytic nodes  and  infiltration,  and  the  degenerate  forms 
of the tumor ceils are characteristic. 
FIG.  7.  A  portion  of a  tumor  graft  that  had  established  itself and  begun  to 
grow  in  a  chicken  with  acquired  resistance.  Fifth  day  after  the  implantation. 
Th,ere are many distended  blood-vessels in the tumor  tissue.  They appear  in the 
photograph  as  dark  spots,  owing to the deeply stained  nuclei  of the erythrocytes. 
About  the  tumor  is  a  dense  accumulation  of  lymphocytes.  After  a  brief  pre- 
liminary growth,  the  grafts  left in situ  all  died. 
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